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Do Goshawks Accipiter gentilis need 

Forests? Some Conservation Lessons firom 
Radio Trackmg 

Robert Kenward & Per Widh 

ABmm 
HabiW consemtion, including both habitat protection and habitat manag- has an 

important role to play in presewing raptom Whether protecting or mna& habitats, it is 
important to discover what factors make them prefemd For instauw, the habitats preferred by 
nesting raptors may happen to be those where human disturbance Is hat, but have been chosen 
because of high prey w a i l a b ~ ,  

Goshawks have been described as birds ofthe northern forwrts. Indeed, Go6hawks in boreal 
areas of Sweden showed a preference for hunting in stand8 of mature coniferous Forat Thsy 
showed none for woodland edge zones, probably because their main winter prey was iquimb, 
which were distributed regularly throughout the habitat. In the mom agriculhlral parts ofSweden 
the hawks preferred edge zones. probably because their main prey mn ao8t mailaabh then. 
Hawk range sizes were smallest wherc prey density was greatest, and wtre lrrrgest when thqwn- 
b i n d  least woodland edge. 

These and other observations indicate that the availability ofpw, not that ofwoodlandhabitat, 
is the main factor which determines an #a’s suitabw. Some land-wt changes can be 
to Goshawks. Those who would consem raptors should seek not merely to preserve the habitat 
that exists, but to understand what the raptors really n w  so that unavoidable lrndvw a- 
can bc managed in the best wry pomiblt. 

INTRODUCTION 
In this paperwe will examine theuseofhabitat analysisasatoolforconsenringrapto~.Wtta);t 

as an example the Goshawk, a bird which supposedly “thriw begtin extensive conifems forsat” 
(Brown 1976). It is an abundant species and has thsrefore been convenient to shldy, for plitical819 
well ag practical reasons. However, the points we will make are pmbably most important. in terms 
of consemtion, for rare raptors. 

Habitat protection and habitat tWlUWWWt 
Growth and development ofhuman populations caue land-use changts throughout the world. 

Thsse changes affect raptors and other wildlife. Wildlife enthusiasts are accustomed to Iook at the 
negatiw aspects ofthese changes. and therefort try to prevent them. Ifthere is a rare ramr bund 
in a padimlar habitat, they may seek have a large area ofthst habitat left untouched M a nature 
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reserve. However, this protection of habitats, lk that of species. is only om of comema- 
tion. 

Another approach is to learn what makes the particular habitat important for the W C ~  and 
then to use this knowledge to ensure that the changed habitat is still useful for the - or evtn 
better thm the previous one! This second approach is one of habitat managemnL mbisat man- 
agement has parallels in species management, when compared with the protection approach. Just 
as campaigns to prevent persecution ofraptors can divert attention and funds from combating 
more important adverse effects such as pollution, so CRII a p -  to protect habit& hr 
example, it would be a mistake to spend large sums establishing rescrvw round raptor nestin$ sites 
ifthe prey-base was vanishing in the surrounding countryside. Lilrc spceies masagemens habitat 
management requires research to determine what a species rtally needs for ~UTvfvBt 

Whyisahabitat? 

thing important, but what is it? Thm are four main possibilitits: 
(i) It may provide protection for the raptors' nests. 
(ii) It may provide cover for individual raptors against their predator& 
(iii) It may provide resourcw for the raptor's p w  (fwd abundanct), 
(iv) It may provide perch sites or corn without which the raptor cannot catch its p r ~ y ( f ~ ~ d  ami- 

Ifbiologists can discover what Is important about a particular habitat managsmmt may 

The fact that a species tendsto live in a particular habitat tells us that the habitat contains some 

lability). 

enable utilisation of its resources by man without adverse effects on its raptor& 

Neshg habitats 
Many analyses of raptor habitat-use have been based on ncst sites. The simplest are qyalitdtivs 

descriptions of the arcas where nests an found, in terms of prefbrrsd terrain Qr nests in opea 
country. or preferred tree species. density and height for forest specits. Although th is  basic infor 
mation is available for most temperate raptom and those of open COutltTy. the neat and eggs have 
not been described at all for 57 of 111 rainforest species (52%), and only 1-2 nests are reported for 
17 more (Thiollay 1985). 

Multivariate statistical techniques, including Principle Component Analysis and Dkrimmn * t  
Function Analysis. are now being used to comparetht nest area eharactans ticsofdifforcntspecies 
(Titus & Mosher 1981; Andrew Bt Mosher 1982; Kostnewa, this volume). However, care must be 
talcen in the interpretation ofsuch data for conservation purpost, btcause observad relationships 
may not be causal and, even if they are, they may not represent m@r msbaint.8. For axample, a 
tendency for birds to shun areas near man may not mean that they suffer from disturbance thors 
butthatman's activities adverstlyaffccttheirpreybase.Evep,iftheeffediacausedbydisturbaacs 
the sites near dwllings may merely be less preferred when many other sites arc svailabla, and be 
used s u c c e s s ~ y  if birds arc constrained to thm 

Further evidence ofthe causal& and importance of 8 factor can be provided by andm ofnest 
success. but again the data must be treated with caution. Bald Eagle (Hdiu&us leucocqhdw) 
nests arc least succcssft~l near human dwelliis, but not necessarily because of disturbmcc (McE 
wan & Hrth 1979; Andrew & Mosher 1982). The individuals using these sites may simply be lass 
experienced brecdcrs. Other analyses have produced conflicting For instan% the occup- 
ancy of Merlin (him columbarius) nests could be predicted with 90% certainty from e o n  
characteristics within 4km of the nests, but the success of each attempt was not significantly 
related to these characteristics (Bibby 1986). Analyscs of nest succogs in different habitats may be 
themostuseful for showingthatparticularfactorsarenotimpor&antforaspecitaThus,Nwton d 
uI1981 showed that limited re-af€orcstation had no serious adverse effect on Rml Kites ( M f f m  
milvus). 

Perhaps the best positive evidence of causality, and for the importance of a pw&icdar factor, is 
obtained by comparing nest densitiesfromareas whichdifferinthsextentofafactor.Forurarnple, 
Sparrowhawks (Accipiter nhw) in Britain nest most densely at low altitud& wherc land is most 
productive and, perhaps most importantly, where song-bird densities arc highest (Newton @ai 
1977; Newton etal1986). Only field experiments could prove that songbird densities determine 
Spmwhawk densities, but the correlative evidence does provide strong support for the hypo- 
thesis. 

561 

I 



Hunting habitats 
'Ib find the koportrmnt elements of hunting habitats. one necds to know exactly where raptors 

hunt, and their hunting success in each place.Early studies described relationships betrmenhabi- 
tat and hunting success for species which could be seen easily becausethey foragein open eouotry 
(Wakeley 1974,1979; Warner &Rudd 1975; 'Igrboton 1978: Shrubb 1980; Mendelsoh thisvol- 
ume). Visual techniques are sti l l  suitable fbr such species, but it is important to be sure that the 
results are not biased in favour of observations in the most conspicuous sites. 
An important advantage of radio tagging over purely visual techniques is the opportuniot to 

avoid visibility bias. Known individuals can have their positions sampled systematically an8 not 
merely when they happen to be seta The home ranges of Kestrels (Falw Unnuneulur). for 
example, were larger when determined by radio tracking than when the same birds arc located by 
wing-tags alone (Village 1982), and the winter diet ofGoshawks (Aecipkrgentlh) wag very d e  
ent when recorded by radio tracking than when kills were found by eye alone (Zicsemm 1981). 
Radio tagging has now been used to study habitat use in a wide variety of raptors (ag pia# 1973; 
Dunstan 1979;Petersen 1979; Marquiss &Newton 1982; Bechard 1982;Holtzh~$~aetd 1985). 
and automatic recording has been used for a few species with relatively small ranges (Fuller tt aL 
1974; Fuller 1979). For secretive species, l i i  the Goshawk radio tagging is the only way to study 
hunting habitats systematically. 

METHODS FOR RECORDING GOSHAWK HABlTW USE 
Study areas 

The four .study areas were in central Swtden. Threc werc woodland-farmland rims, at the 
estates ofFr6tuw Gdddeholm and SegerSjo in the bow-nemoml rcgionofSwden ($jars 1985). 
in relatively flat country at 10-85m above sea I&. These areag contahed 41-61% ofwoodland 
dominated bymature conifers but with some bmh and other deciduous trees, well broken by 
arable farmland Lakes edged by reed-beds formed 510% of thcsa area&. At Fr6tuna there was an 
artificial abundance of Pheasants (Pharimus colchicus). which were released in late summer for 
shooting. The fourth study area was in continuow coniferouJ hwt, in the boreal forest region of 
Sweden (Sj6rs 1965). at Grirns6 Wildlifc Research Statioa Of this ma, at 75-1OOm ~IJOIR sea 
level, 74% was forest, strongly dominattd by conifers but with a greater variety ofagc classes than 
in the woodland-farmland areas as a result of more intensive forest management. Bw and fkm 
comprised 18% of this area, and only 3% was arable farmland. 

Radio tagging and tracking 
Goshawks were caught in box-traps baited with live pigeons ( i c c n w a r d  ad 1983). and marbd 

with 12-20g radio tags, sewn dorsally to two rectrices with the main antem attached along the 
shaft of one feather (Kenward 1978). Habitat-use data were oatitinGd between August and 
February (Le. outside the breeding season) from 5-9 hawks at the three woodland-farmaad study 
areas, and from 43 hawk# in the b o d  forest am& 

Radio fixes were obtained by triangulation. Be- wcretakeowith atbmc-clement haad-held 
Yagi, usually from within 2km. at t h e  woodland-farmland sites. Thehawkswere located systemati- 
cally at mid-morning, mid-day, mid-afternoon and at most. In the boreal forest arw bearings were 
usually taken from within 3 km, using a 6-element Yagi mast-mounted on a mini-bus (CsdtrIund et 
all979). Hawks were usually located 1 4  times a day, but at hourly intervals in some months (f'w 
ther details in Widen 1985a). Fixes were recorded on a IOOmgrid for habitat assessmkflf dthough 
a few of the most distant ones may have been in tmr by more than 100rn. 

Dab analysis 
We compared habitat use with habitat availability at two levels. Planimetry and random pod- 

tions were used to estimate the avkilability of woodland and woodland edge on maps of land-usc 
The percentage of land with these habitats was then compated 
(i) with the percentage ofthsse habitats within hawk range outlines, to see whether hawks chose 

to live in atypical m. and 
(ii) with the percentage of these at range fixex, to see whether hawks tended to perch prsfcten- 

tially in particular habitats. 
Assuming that the time interVd between fixes is sufficiently long for animals ta have mee6ed 
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several habitat patches. fixes may be taken as statistically independent for testing the prsfersncss 
of individual animals. Our observations conformed with this critedop, since hawks typically flew 
at 2-4 minute intervals while hunting, and typically covered at least lOOm per flight (Kenwd 
1982: Widtn 19841, thus covering B minimum distance of 1500m in the minimum i n t a d  
between fixes (1 h). Our analysis excludes consecutive fixss at the same site, where hawks had 
killed or were resting, and roost positions: it is an analysis of hunting locations. 

In the three woodland-farmland areas, the hawks showed a strong preference for perching in 
woodland (Chi-square tests, P 0.001). Although woodland was 41-46% ofthe thma ateaa and a 
very similar proportion (40-62%) oftheir home ranges, no less than 80% offixa were tecordtd In 
woodland (Table 1). In the boreal-forest area the preference for woodland was relatively weak but 
there was a strong preference for thcmatwe forest: only 24% ofthe land area was mature conifers, 
but 44% of hawk fixes were there (P ( 0.001). 

'Rble 1: Per& and kill IoaUhs dradi&ngged Goshawks 
-~ 

194. a€ yo. o f  X of wmdland X o f  fixer NO. of X of kill. 
Study ~ Y M  hark8 fixer on map in range6 in v o o d h d  kf1I.m in tsoodlrad 

~~ 

Bared 
forest 43 1108 76 not done 77 59 81 
Farmland - woodland: 9 a u  41 SO 85 62 90 

" with 
r d e a a d  

5 16 5 52 48 80 30 77 

phearm~ts 9 381 61 62 84 81 99 

In the woodland-farmland areas the hawks also had a strong preference for hunting within 
200m of edge zones (P 0.001). They were found there about twict as often as txpacted from the 
availability of tht edge zones (Wls 2). 

lhble 2 Pueh aud klll locations of rrdidPgged Goshawks In rpoodlrnd 

%,on map X of Xixei x of k i l l l  
*20h  j 2 0 0 ,  +20h > 2 0 h  0 - 2 0 h  >20h  

Study area from edge from edge from edge from edge from ad8e from $ge 

Boreal 
fpr4rt 34 32 37 34 98 98 
Farnland 
-woddland: 31 9 Y5 10 80 10 

34 14 76 7 61 16 
with 

releaned 
phea.rantr 35 27 73 a 99 0 

In the boreal forest area there was no preference for edge tones. Hawks also tended to hunt most 
in the largest patches of mature fomst which had relatively less edge than the smaller plantatlone. 
Thehabitat usewassimilarfar both hawk sexegin all ctlee~{seealroWiddn 198Sa: Kenward 1982). 

Kills were made in woodland more ofien than expected from the habitat use for throe ofthc four 
areas(?gble I).Thedifference was slgnlficant (P 4 0.001 1 for thcaroa with released phaaaantn, Kllla 
wert also made at woodland edge more frequently than expected in the area with relsatrad pheas- 
ants, and this was the area where hawks most strongly avoided hunting in woodland which was 
beyond the edge zanes (P 0.001 I. In the boreal forest area thcru: was no tendency far killr to be 
made disproportionately at edge zonas. 
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As well as the differences between study areas in habitat prefemccs, them were also dEcrcnces 
in the hawks' prey (Table 3). Squirrels (Scium wlgurk) were killed far more h q w t l y  than any 
other species in the boreal forest and provided 56% of the prey biomass th- Pheasants were 
almost the only prey in the area where these were released The hawk diet did not diffsr Wfi- 
candy between the other two woodland-farmland areas: squirrels provided only 15% of the b i s  
massformalehawks,whosefoodintakewasdominatedbyphcasa.nts,andonly lO%ofthefoodfor 
females, which obtained nearly four times as much from Browp. Harts (Lqw ncmwew). 

The size of hawk rangcs was smalltst, averaging 20km2, where pheasants were r e l d  Thq 
averaged 45km' for the other two farmland-woodland areas and 57km2 in the bored forest Ran. 
ges in each woodland-farmland area tended to have a constant area ofwoodland edgt, such that 
this was a smaller percentage of the larger ranges. Where pheasants =re released, fanges con- 
tained an average 5km2 of woodland edge, much less than the 10-17km2 in the other amas. 

DISCUSSION 
Goshawk predation can be a problem for poultry farmers and game consemem. Habitat man- 

want therefore tends to be aimed at reducing their presence rather than bensfiting them, one 
approach being to remove trees which provide hunting perches at game food sita{c&Mekklsen 
1984). It is the rarer raptors for which habitats have been protected or w a g e d  by mating new 
nests and hunting perches (Nelson & Nelson 1977; Olendorff& Kochert 1977;rtVjtwsin Sauroh 
1978; Newton 1979). and whose behaviour has been modified ta encour~_88c the use of dlfkent 
habitats (Cade & Bmple 1977; %mplc 1978, Saar & Genie@ in pnss)~Wmrtheless, ifthe aim 
were to preserve Goshawks, would one seek to prevent human exploitation ofthe extensive north- 
ern forests? The dfierenets in use of woodland edge between the boreal and woodland-farmland 
areas most probabbrcflected prey availability For boreal forest h a w k  squirrels would hrm been 
most common in mature woodland and relatively evenly distributed through it (Lema per& 
comnz). so that the hawks would have obtained relatively little advantage by favouring the edgos. 
Moreover. the larger the patch, the more squirrels which might be found without the need to fly 
some distance to another patch. Deciduous woodland, as found in many ofthe smallerw~ods and 
copses (Le. seldom more than 200m from edges) is one ofthe preferred habitats for Brown Ware# 
in England (Tapper &Barnes 1986). and pheasants are usually found there too. Althollgh bares 
forage in the open fields at times, they are probably most vulnerable to surprise attacks when in or 
new woodland edges, and that is where they were usually Wed. 

These results suggest that food was the main factor determining habitat use by Gashawks(t3iusn 
adequate hunting perches). Further support for this hypothesis was provided by the area Whm 
food abundance was "experimentally" enhanced at woodland edges by pheasant rolmscs. ' h i s  
was the area where hawks were least often deep in the woods. MOWW, range sues were much the 
smallest there, and contained least ofthe preferred habitat It may bethat hawks cow sufficient of 
the most prey-rich habitat to meet their food requirements, with range sizG then being the a m  
arhich happens to contain that quantity of preferred habitat (Kcnwfd 1982). On that basis. 
Cos.. wk probably requires 10-20km2 of optimal habitat for its range in arms with B prey-bmliks 
that of cenM Sweden 

There is further evidence &at Goshawks tluive best in areas with more food andlcss woodland 
than in the boreal forest. The Goshawk breeding density in the bored forests m u d  G M  wa8 
about 3 pairs/lOOluna (Widen 1985b),ratherhigher thanthe 1-2 pairs/100km2foundht.hebd 
forests ofnorthernSweden(Nilsson 1981). but lessthanthe4-5 p&s/100h2foundinw;oodland- 
farmls*r' #*Pas ofFwrlm rrtd Finlnnd e ouhan 1 9 7 9 ; W h a n  1977).Anevenhigh~de~ity,6.5 
palrs/iWkr;:?, UU;UI+ u~ ~ L z  Aye bdtic island of Gotland (Kenward, MarcstrBrn & Karlbom. 
unpublished), where Rabbits (Qxycto/agz& cunniculus) form an important addition to the winter 
diet. In Germany, where Rabbits arc supplemented by abundant feral Pieeons (Columba IrVia) lis 
winter food, densities can reach 10 pairs/100km2 in areas whert well-fr-agmentcd woodland is a 
mere 12-15% of the land area (BcdnareL 1975). 

(i) that habitat conservation for raptors should be based not merely on obswved habitat prof- 
cremes, but also on the reasons for the preferences. If habitat use depends on food supply, 
then conservation of the food is at least 88 important as conservation of the habitat alone. 

We conclude: 
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(ii) 

(i) 

that habitats and prey favoured in one area may not be the most important oms elsewhere. 
Studies in a variety of areas are necessary to define general consemtion prioritits. 
that landscape alterations by man may not always disfaww raptom They can also I m p m  
raptor food supplies and hunting opportunities. 

Woodland-f aralartd 
Boreal fores t  Woodland-farmland with rela*sed phcosrnti 

S q u i r r e l s  79% 
Enroo 3x1 
other mmlualr 0% 

Game blrds lox, 
Other bird. 8% 

33% 
14%- 
32 

2sxH 
2 2% 

96- 
3% 

Total number 61 127 93 

* , 2 Lepus timidw +* 18 Lepus curopeus 

+ ' 3  Hazel Grouse (Bonasa bonasia), 2 B18ck Grouse (Tetra0 tctrix), . 
1 CapercnI11ie (Tetrro uro sllus 

*, 29 Phenrant ( P h a a d ;  6 ,Gray Partridge (Perdix perdix) * 89 Pheaorat (Phrsianun colchicum) 

(See ala0 Kenward atal. 1981; Widb 1987) 
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